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and year to yiar which is most strongly ronounced in 

heric pressure do not show as much tendency to persist, 

is some tendency of rainfall to persist from month to 
month during the summer season, at least in some sections. 

In order to obtain an idea as to 'ust what tendency 

same temperature sign in the United States, this was A r i l _ _ _ _ _ _ _ _ _ _  
computed for 10 representative stations. The percent- 
age of cases raaged from 65 a t  San Diego to 54 a t  Sdt ~~~ii:::-:::: . Over eastern United States the result was September --... 
qu te  uni orm with an average of about 56 per cent, and ~ ~ ~ ~ ~ : ; : : : : :  
the tendenc toward persistence was greatest during late D-b=----- 
La?re 

monthly range averaging 10 per cent. 

with the length of record, and with a period of a hundred 

central and southern California. Rainf 3 1 and atmos- 

gut where large areas are taken into consideration there 

there is for one month to be followe d by a month of the 
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summer an B the least during middle spring, the extreme 

The persistence tendency probably varies somewhat 

larger storm of September 29, 1915. Compared to the 
gradient in the 50 miles between Bay St. Louis 8vmr a d  ew Orleans, in the 1915 storm 0.02 inch per mile, 

the average gradient between New Orleans and Houma, 
a distance of 48 d e s ,  in the storm of August, 1926, was 
0.023 inch per mile. On August 25, 1920, a t  9.30 p. m., 
them waa a difference of 0.66 inch between the barometer 
readings a t  Morgan c i t y  and Houma, 30 miles apart. 
As the storm center was slightly west of Houma, we have 
here a difference of at least 0.66 inch in a distance of less 
than 30 miles. 

After passing Houma the storm decreased in intensity 
but retained considerable energy until it passed into 
St. Landry and Evangeline Parishes, where it damaged 
only crops. Heavy rainfall ceased with the passage of 
the storm center. 

The previous report referred to the lack of high tides 
west of the center. At some points on the Louisiana 
coast, notably in the vicinity of Morgan City, the north- 
east gales on the storm front produced an unusually low 
tide; the lowest reading of the river gauge a t  Morgan City 
was 2.5 feet below zero at 6.45 . m. of the 25th, about 

for the lowest previous river gauge reading a t  Morgan 
Cit was 0.2 foot above zero. 

&e Atchafala a River connects with Grand Lake, a 

Morgan City, and with the Gulf to the south, of which 
the nearest coast line is a t  right angles to a northeast 

6 feet below mean low tide. .p his is very remarkable, 

considerable bo B y of water immediately northwest of 
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offshore wind. This wind, blowing with hurricane force, 
lowered the water along the coast, particularly on the 
north side of Atchafalaya Bay, where the river empties 
into the Gulf, and may also have checked the rate of 
flow from Grand Lake into the river. When the wind 
backed to northwest, between midnight and 1 a. m. of 
the 20th, the water in the Gulf, relieved of the unusual 
strain, began to return to the north rtnd east sides of 
Atchafalaya Bay, increasin the height of water in the 

ward from the Terrebonne coast and with westerly 
gales favors some accumulation of water at the mouth 
of the Atchafalaya. Simultaneously the northwest gale 
on Grand Lake increased the flow from that source. 
The resulting rise of 7.3 feet brought the river back to 
slightly more than the usual stage in about six hours. 

Radiophone broadcasting and reception made possible 
a better distribution of warnings than in previous storms. 
In  view of the intensity of the hurricane, the large num- 
ber of people engaged in fishing and other coast indus- 
tries, and the very slight elevation of the swampy areas 
in southern Terrebonne Parish, where the storm was most 
violent, the loss of life, 25 persons, is considered small. 
Reports of property loss and damage due to the storm 
are not all in; but trustworthy information indicates that 
property damage of all kinds, exclusive of crops in the 
field, was between $3,000,000 and $4,000,000 and that 
damage to crops will reach an equal or somewhat higher 
figure. 

river. A small peninsula, B oint au Fer, extends west- 
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PERSISTENCE OF WEATHER TYPES IN T H E  HAWAIIAN ISLANDS 
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An inspection of a chart showing mean annual tem- 
peratures for a series of years in temperate latitudes does 
not disclose any tendency to a progressive warming or 
cooling. On the other hand, in the Tro ics this tendency 

and Braak (2) for Batavia, Java. In tropical re 'ons 
the variability of temperature and pressure is ve s&ht, 

such aa sunspots or volcanic acivity, would be much 
more noticeable in these regions than in temperate lati- 
tudes, where variability is great and of accident.al or 
fortuitous nature. 

Clough (3) has shown by various statistical methods 
that the sequence of temperature changes from year to 
year do not follow the laws of chance variations. 

In the United States there is a certain amount of per- 
sistence of temperature departures from month to month 

has been frequently noted, particulary P by Henry (1)  

hence any systematic influence sffecting these e i? ements, 
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years or more it can be clearly shown that there is a 
relation between one month and the same month of the 
year in the succeeding years. This has been done with 
the St. Paul, Minn., record covering a period of 105 years, 
and the result is shown in Table 1. An inspection of 
this table offers very little encouragement to one who is 
looking for the effects of periodicities. For example, in 
the 11-year sunspot period if it were very strong there 
would be a well-marked positive correlation between 
months 11 years apart, and a negative correlation be- 
tween months of about half this period. There is, how- 
ever, a slight positive correlation shown in the table 
between months 11 or 12 years apart which is the most 
noticeable for the winter months. 
TABLE 1.-Percentage of times in which one month has the same 

temperature sign as the same month o the year during each of the 
following years up to 18, for  St .  P a d  Minn. 
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The mmt evident relation brought out is the percent- 

age of times in which the month of one year has the 
mme temperatures sign as tmhe same month of the follow- 
ing year. This averages 58 per cent for’all months and 
61 per cent for the summer months. It would be inter- 
estmg to determine the effect of length of record on 
these percentages. Probably they would be less with 
shorter records as in long records them are well-known 
long-period oscillations. 

At Honolulu, a complete record of temperature goes 
back to the year 1890, and a record of atmospheric 
ressure to 1891 with the year 1904 missing. Cox (4) 

gas worked out a 10-station average of Hawaiian rain- 
fall beginning with the year 1877 and ending 1921. I 
have extended this record so as to bring it up to the end 
of 1925 for the annual amounta and 1924 for the monthly 
amounts. 

It ia apparent that these records are too short to show 
progressive changes unless such changes are well-marked 
and the variations slight. With Hawaiian temperatures 
such ia the case and the progressive changes are clearly 
evident; but as rainfall shows a much greater variability, 
progressive changes, except for a period of a few months 
which will be shown later, are not in evidence. The same 
is true of atmospheric pressure and wind velocity. 

Applying the ratio 9, to Honolulu temperature in 
which u is the mean variability, End v the mean devia- 
tion, the result is 1.12. Tb corresponding value is 
1.48 for Honolulu pressure and 1.52 for Hawaiian rain- 
fall. The theoretical ratio is 1.414. No progressive 
change from year to year is shown by this test, there- 
fore, exce t for temperature. 

each month of the ‘year has the same temperatwe sign 
as each of the succeeding months up to six, and also of 
the succeeding twelfth month, for both Honolulu and 
Tokio, Japan. Being situated on the eastern side of a 
great continent the climate of Tokio is largely continental, 
and is comparable with the climate of eastern United 
States a t  about the latitude of Virginia as regards both 
storminess and extremes of temperature. 
TABLE 2.-Per~ntage of in which eaeh month of #he BOT hm 
th% 8CrW tempmature eQn a8 euch o the e w j i n g  mOnti8 u p  to 
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In Tab P e 2 is shown the percentage of cases in which 

siz, and the sweee&ng twelfth mod i ,for Honolulu, Hawaii, a d  
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difference in Dersistence 
between the two pfaces, Honolulu representhi a marine 
tropical climate, and Tokio a continental temperate 
climate though these two climates are not represented 

to their fullest degree. For purposes of comparison the 
period of record used was the same for both placea; 
namely, 1890 to 1924, inclusive. It was thou h t  that 
if different lengths of record were taken the res& might 
be seriously altered. 
As will be observed from the table, a month has the 

same si n as the precedin month in 70 per cent of the 
cases. %or Hawaiian rainfall (Cox’s 10-station average) 
the corresponding average is 66 per cent; for Honolulu 
pressure, 65; and for Honolulu wind velocity with a 
record of only 20 years, 57 per cent. 

Usin Clough’s fifth criterion in the article previously 
referref to it can be shown that in Hawaii long peziods 
in which a meteorological element, especially tempera- 
ture, is persistently above or below the normal are-much 
higher than in a random series of events. Begm+ng 
with the month of June, 1908, there were 21 consecuhve 
months in which the Honolulu temperature was below 
normal. There were two cases in which the temperature 
was above or below the normal for 13 consecutive months, 
and one case each of 11, 12, and 15 consecutive months. 
In  the record of Honolulu pressure there was one case 
each of 12, 13, and 20 consecutive months in which pres- 
sure was above or below the normal. Such remarkable 
cases of persistence have not been of such frequent 
occurrence in Hawaiian rainfall, but beginning with the 
month of January, 1919, there were 14 consecutive 
months in which the precipitation was below normal, 
using Cox’s 1 0-s ta tion average. 

Evidently, at  certain times there is some iafiuence, or 
group of influences, working, which in itself or them- 
selves tend to persist over a period of several months. 

Because of the importance of rainfall in the Hawaiian 
Islands from a practical standpoint I have made a more 
exact analysis of the data by fmding the coe&cient of 
correlation between each month of the ear and the fol- 

TABLE 3.-Correlation between Hawaiian raidal l  of each mont.2 and 
the followit,g month 

lowing month. The result ie shown in 4 able 3. 

It will be observed that the coefficients am much 
higher during the summer than during other aemons of 
the year, and the relation thus brought out has some 
forecast value when applied to summer rainfall for the 
Hawaiian Islands as a whole. The difference between 
persistence in the summer and other seasons of the year 
is present in other meteorological data, and seems to be 
out of proportion to seasonal differences in variability. 

Figure 1 shows the unsmoothed annual values of four 
meteorolo ‘cal elements, vis, Honolulu temperature, pres- 
sure, w i n r  velocity, and Cox’s loatation average of 
Hawaiian rainfall. Some interesting relations are 
brought out in this chart. The most important of these 
is the synchronism between the wind velocity at Honolulu 
and Hawaiian rainfall, which is not a t  dl surprising in 
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Spring 

view of the fact that most of the rainfall in Hawaii is 
brought about by the forced ascent of the trade winds 
over the land masses. Another fa&, the reason for 
which is not so evident, is the se.esaw re,lation between 
pressure and wind movement, and pressure and rainfall. 
It may be, and probably is, explained by the general 
principle that high pressure is associated with quiet, 
clear weather, and low pressure with cloudy, windy 
weather. Annual t’emperatures apparently t,ake a course 
nearly independent of the ot,her ele.nients. 
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F I G .  l.-Unsmoothed annual values of temppraturta. preosurr. wind \ docity. ond r : m -  
fall (Coi’s IO-station averace) 

CONCLPSIOX\’B 

It has been t’he purpose of t,liis study t o  show that 
variations of the weathe.r in t,he Hawaiian Islands show 
a systematic tendency, and comparisons were made with 
the weat,her elsewhere to show that this tendency was 
greater than a t  places in higher latit~udes. This, how- 
ever, could be inferred from what is already knowu on 

the subject. Other facts which are new so far as the 
writer is aware are as follows: 

(1) In the Hawaiian Islands, temperatures show n 
remarkable tendency to persist. 

( 2 )  As regards other meteorological elements such as 
rainfall, atmospheric pressure, and wind velocity, the 
persistence is less but still clearly apparent in Hawaii. 

A knowledge of the fact that wet and dry weather tend 
to persist considerably in the summer time might be of 
sonic value in long-range forecasting. From May to 
Augrrst wet (wetter than normal) months are followed by 
wet months, and dry (drier than normal) months are 
follou ed by dry months in 73 per cent, of the cases for the 
Hawaiian Islands as 8 whole. For individual sections 
this would be somewhat less, depending on the locality. 

Periodicitk probably have little to do with long peri- 
ods of ahnornial weather, and the cause must be sought 
for elsewhere. The fact that a persistent tendency is 
shown in the records of weather in the Hawaiian Islands 
is sufficient to l e d  encouragement to those who wish to 
make further studies on longe-range weather forecasting. 

LITERATUHE CITED 
i f )  HENHI., -1. J. 

1921. TEMPEIlbTURE VARI.4TIOh’S I N  THE UNITED STATES 
A N D  ELSEWHERE. Rln. Wea. Rev. 49 : 63-64. 

( 2 )  Rlf.4AK, DR. c. 
1(31Y. AThIOH1’HEHlC VAKIATIUNLi OF bHORT AND LONQ 

DURATION IN T H E  MALAY ARCHIPELAGO AND 
SEIGHBORIh-G REGIONS, A h D  THE POHGIBILITY TO 

FORECART THEM. Boninklijk Magnetish en 
Meteorologisch Observatorium te Bstavis, Ver- 
h r t n d e l i n g e n  No. 5, Part 11. 

(,$) C‘LOUGH, H. W. 
1921. A STATISTICAL COMPARISON OF METEOROLOGICAL 

DATA WITH DATA OF RANDOM OCCURRENCE. 
Mo. Fl‘ea. Rev. 49 : 124-132. 

(4) C o s ,  JOEL B. 
1924. PERIODIC FLUCTUATIONS OF RAINFALL I N  HAWAII. 

Transactions, Amer. Society of Civil Engineers. 
1 7 0 1 .  L S Y S V I I ,  p. 461. 

FORECASTING PRECIPITATION FROM LOCAL DATA 

C. L. Ray 5c/. 57r./ : G-1. S*? 
[Weathcr Ruiem Office, Lansing, hl ich. ,  June 10, 19261 

The writer has made a statistical arrangement, of the 
probability of rain following clifferent pressure heights, 
wind directions, pressure changes, and the several com- 
binations of these factors. The results as presented in 
the accompanying charts and tables do not show a suffi- 
ciently hi& average of probability to serve their in- 
tended purpose as an aid in forecasting. The data are 
resented, however, in order to show what can be done 

Ey this method, and to illustrate the relative importance 
of the several elements, as they relate to forecasting a t  
this station. Owin to the unsatisfactory results from 

cent, the discussion will be limited to a brief resum6 of 
the more prominent characteristics revealed by the 
analysis. There was available a total of approximately 
5,450 observations, taken daily a t  7 a. ni., central standard 
time, throughout the year, and covering a period of 15 
years, 1910 to 1925, inclusive. From these data was 
calculated the percentage of tinies precipitation occurred 
within 24 hours, eliminating from consideration the 12 
hours immediately followirig the observation. This 

the forecasting ange, B averaging not nicm than 59 per 

___ -_-__--I_- 

1 cL Chaumsn, E. H., Quart. Jour. Roy. Metl. Sot. .:2: 2SY. Ibid. 10: 347. fho ivk- 
tion hetween atmospheric pressure rmd i3infsIl at. Kern :m1 Valencis Ohservabories. I n  
t.his yaper it is pointed out t t u t  the relationship betmeen pressure valua and rwinlall 
3t  B single station is small :ind xg’ue; thitt thr rr1at.ion hetwwn changrs in brlro:u?tric. 
height is also small, hut when dHding with xnran. presrure ~ J i i e s ,  and rxinfdl totnh n 
dpif lcant  relntionship is found.-Ed. 

gives the results a comparat,ive value in relation to the 
results froin t,he synoptic charts. Only t’he annual 
probabilities have been given in some instances as it 
was found that the differences were very slight between 
t8he values for the several seasonfi. 

TABLE 1.-Probability of razn with different pressures and different 
pressure changes, based on 7 a .  m. pressitre and la-hour change and 
rainjall i n  24 hoiivs, from 7 p .  m., 6,440 observations 
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